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FeatureThe accumulation of plastic waste in the oceans is a global, rapidly growing 
problem. Experts are especially concerned about the enormous amounts of 
plastic particles that are smaller than grains of sand and may enter the food 
chain. Michael Gross reports. 
Plastic waste is all at seaWashed up: Litter found on a beach near Tromsø, Norway. (Photo: © Bo Eide.)In the 18th century, when James Cook 
explored the Pacific on the Endeavour, 
there were large islands still unknown 
to European civilisation for him 
to discover. When Darwin visited 
the Galápagos Islands with HMS 
Beagle in 1835, a wealth of biological 
diversity awaited scientific analysis. 
The most recent expedition 
setting sail to explore the Pacific, 
however, aimed at a much less 
enticing geographical feature than 
the Great Barrier Reef, and looked for 
threats to life rather than its diversity. 
When the 41-metre long brigantine 
Robert C. Seamans left San Diego, 
California, last October, it was headed 
for the Great Pacific Garbage Patch, 
which, as the name suggests, is a large 
accumulation of marine litter trapped in 
the North Pacific gyre. Chief scientist 
Emelia DeForce and her 38-strong team 
couldn’t look forward to discovering 
new species of finches or even fish. 
Instead, they were to cast out their nets 
to fish for man-made debris floating in 
the ocean, much of it plastic. 
By the time the Robert C. Seamans 
reached Honolulu after 36 days at sea, 
the scientists and volunteers on board 
had logged nearly 70,000 pieces of 
plastic waste. Of 118 net tows, every 
single one brought up plastic material, 
and in the heart of the Garbage Patch 
itself, one tow alone yielded more than 
20,000 pieces. 
Scientists will carry out further 
analyses in their labs at Woods Hole 
and in other collaborating institutions 
after their return, but it is already 
clear that the overwhelming majority 
of the plastic items found comes as 
very small fragments. Thus, explains 
DeForce, “because almost all the 
plastic pieces are millimetres in size, 
unless you are specifically looking for 
plastic, you won’t see it.”
Outreach and creating awareness 
of this invisible mountain of waste 
was also an important element of 
this expedition organised by the Sea 
Education Association (SEA) from 
Woods Hole, Massachusetts. Updates on the expedition were regularly 
posted on the SEA website (http://
www.sea.edu/plastics), and team 
members are committed to spread 
the insights gained via schools, 
museums, and public events. 
All washed up
The visible fringe of the marine 
waste problem is already familiar 
to everybody who has ever visited 
a beach. Drinks bottles, lighters, 
driftwood, and pieces of fishery 
equipment, such as nets and floats, 
wash up on all coasts, and, if they 
aren’t collected on a regular basis, 
they may already provide a colourful 
impression of the mess we are creating. 
Ocean circulation distributes the 
waste that we carelessly release into 
the environment all around the globe, as 
the well-studied example of a container 
load of rubber ducks spilled from a ship 
has demonstrated. Thus, waste isn’t 
only a problem of densely populated 
coastal areas: it can accumulate even in 
remote areas of natural beauty, such as 
northern Norway.
“Norway’s more than 100,000 km 
of coastline is on the receiving end, so to say, of both ocean currents and 
prevailing winds in the North Atlantic, 
so we get more than our fair share of 
marine litter. Litter that has followed 
the North Atlantic current can even 
be found as far north as Spitsbergen, 
some 800 km north of the Norwegian 
mainland,” says Bo Eide from Tromsø, 
who takes part in Norway’s national 
beach cleaning programs and 
documents his finds on his blog (http://
lifeupnorth.posterous.com/). 
Collecting and registering the waste 
that comes ashore is the easiest 
measure to implement and helps by 
taking material out of circulation that 
might otherwise go back to sea at the 
next high tide, and by documenting the 
distribution and presence of different 
litter types so that makers and users 
of certain products can be addressed 
directly with information on their 
products’ impact. However, it can only 
address the margins of a global problem 
that goes much wider and deeper. 
Much of the marine litter is in fact 
accumulating quite far from the shores.
There are five large ocean gyres 
around the world, rotating in 
anticyclonic direction, which means 
clockwise in the northern hemisphere, 
and anticlockwise in the southern. 
They all pull surface water inwards, 
which then submerges in the core 
of the gyre, leaving light floating 
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All sorted: Volunteers on board the ship Robert C. Seamans during the recent Plastics at Sea ex-
pedition manually sort plastic particles collected in a net tow. (Photo: © Jonathan Waterman.)
Swallowed up: Albatrosses tend to mistake plastic items for food and feed them to their 
chicks – often with fatal consequences as the carcasses of young birds found with stomachs 
full of plastics show. (Photo: © Minden Pictures/Superstock.)material, including certain types of 
plastic waste, going round in circles 
at the surface forever. This pattern of 
accumulation zones is consistent with 
modelling experiments that simulated 
the long-term dynamics of marine 
surface debris, carried out by Nikolai 
Maximenko and colleagues at the 
University of Hawaii’s School of Ocean 
and Earth Science and Technology 
and at the Scripps Institution of 
Oceanography, California (Marine 
Pollution Bulletin (2012) 65, 51–62). 
However, some types of plastic waste 
are as dense as, or denser than sea 
water, so experts expect that there 
will be plastic waste at all depths, 
including on the sea floor.
Plastic waste has accumulated in 
the oceans since mass production 
began in the 1940s. Some of it 
was just dumped from ships, as 
international agreements banning the 
waste disposal at sea only came into 
force in 1988. Today, however, experts 
estimate that the majority of the 
waste found in the oceans — whether 
it’s washed up on their shores or 
spiralling in their gyres — comes from 
land-based sources. For instance, 
winds might blow litter from the 
shores into the sea, and rivers also 
deliver much of the waste load that 
ends up in the oceans. 
Ecological problems arise, for 
instance, when sea birds mistake 
plastic items for food. Albatrosses, for 
example, are known to feed plastic 
debris to their chicks, often with fatal 
consequences. Floating debris could also cause ecological havoc in other 
ways, for instance by ferrying species 
to places where they don’t belong.
All in pieces
Bottles and plastic bags drifting 
around on the oceans may offend 
our aesthetic sensibility and disturb 
marine ecosystems. More and more 
research, however, including the 
recent SEA expedition, suggests that 
the visible pollution is only the tip of a 
vast iceberg of invisibly small plastic 
particles. For instance, Miriam Doyle from the 
University of Washington at Seattle, with 
colleagues from the National Oceanic 
and Atmospheric Administration 
(NOAA), studied the plastic content of 
zooplankton samples collected as part 
of the NOAA’s ecosystem surveys off 
the Pacific coast of the US. 
They found that plastic waste was 
ubiquitous, with product fragments 
in the size range below 2.5 mm being 
the most abundant kind (Marine 
Environmental Research (2011) 71, 
41–52). These fragments are believed 
to arise from the slow degradation of 
larger plastic debris items through the 
influence of sunlight and oxygen. Other 
categories of small plastic particles 
include pellets used for production 
of plastic goods, and grains included 
in cosmetic or cleaning products as 
abrasives. 
There is concern that these particles 
might be ingested by organisms such 
as various zooplankton species in 
marine pelagic ecosystems and thus 
enter the food chain, with unknown 
consequences. While most plastics 
are assumed to be chemically inert, 
the small fragments could accumulate 
environmental toxins, and in some 
cases, release chemicals used in their 
production. In order to understand 
the potential for ingestion of debris 
particles by such organisms, Doyle and 
colleagues identify the need for rigorous 
investigations of particle encounter 
rates and incidence of ingestion of 
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Round round: Simulations of the distribution of floating objects on the oceans predict that 
these objects tend to accumulate in the five major oceanic gyres within a few years, confirm-
ing the in situ observation that these gyres trap floating litter in their cores. (Reproduced with 
permission from Dohan and Maximenko (2010). Oceanography 23, 94–103.)plastic debris across a wide size 
spectrum of particles and by a diverse 
range of zooplankton taxa in different 
ocean ecosystems. The authors 
suggest that routine combination of 
plankton sampling studies with an 
analysis of plastic particles could help 
to better understand the scale and 
implications of the problem, but so far 
there is still a shortage of data. 
“This is largely because those 
institutions that are involved in large-
scale ongoing plankton-sampling 
programs seldom have monitoring of 
pollutants as part of their mission, and 
thus funding for these endeavours 
is very limited,” Doyle explains. “For 
instance, long-term plankton-sampling 
programs by NOAA labs are primarily 
connected to fisheries and ecosystem 
research with management of fisheries 
being the primary goal. Funding and 
personnel are not available within 
the fisheries research programs for 
studies such as analysis of plastic 
particle debris in these samples.” 
The NOAA’s Marine Debris 
Program has recently announced new 
opportunities for funding of research 
projects that will look at the degradation 
rates of plastic particles in the marine 
environment, and the chemistry 
associated with these particles.
Even sea birds ingest microplastics 
in large quantities. The northern 
fulmar (Fulmarus glacialis), an ocean-
foraging bird found on the shores of 
both the North Atlantic and the North 
Pacific, accumulates plastics in its stomach to such an extent that it now 
routinely serves as a biomarker for 
plastic pollution. 
If the plastic doesn’t get eaten, the 
further fate of plastic microparticles in 
the oceans is not clear yet. Anthony 
Andrady from North Carolina State 
University in Raleigh has hypothesised 
that the further decay leads to plastic 
nanoparticles in the oceans, which 
could introduce pollutants into cells by 
endocytosis (Marine Pollution Bulletin 
(2011) 62, 1596–1605). As yet, very little 
is known about the abundance of such 
particles or their possible ecological 
effects. 
Finding solutions 
Many important questions 
concerning the plastic pollution of 
the oceans remain unanswered, 
says Kara Lavender Law from SEA, 
who is a co-principal investigator 
of the Plastics at SEA project. 
For instance, there are no reliable 
data regarding how much plastic 
goes into the system, and on what 
timescale it decays to microplastics. 
Then there is the uncertainty about 
the fate of the microparticles and 
their ecological impact. “However,” 
says Law, “abundant evidence of 
the presence of this contaminant 
in the ocean, combined with a 
precautionary approach, suggests 
that we should not wait for the 
preponderance of evidence before 
acting to reduce potential threats of 
plastic debris.”So what is to be done to clean up 
this global mess we created in less 
than a century? As most of the plastic 
waste that floats seems to accumulate 
in gyres, could it be harvested from 
there systematically?
After her visit to the Great Pacific 
Garbage Patch, Emelia DeForce is 
sceptical about the possibility of 
removal. “There were zooplankton 
and other organisms captured along 
with every plastic piece we caught. 
This indicates if we try to remove 
the plastic from the ocean, we will 
simultaneously remove the normal 
flora and fauna and disrupt the 
ocean ecosystem. A better option is 
to stop more plastic from entering 
the ocean,” she comments. Other 
experts estimate that the removal of 
a significant proportion of the plastic 
would simply not be feasible in terms 
of the resources needed. 
It doesn’t even help if the plastic 
waste is labelled ‘biodegradable’. 
“‘Biodegradable’ materials are not 
currently a solution, as most materials 
are designed to degrade in industrial 
composting facilities, and their 
behaviour is untested in seawater,” 
Law explains. “Some materials are 
designed to rapidly break up into 
small pieces, however the remaining 
fragments present a larger risk since 
they are accessible to a larger suite of 
organisms.” 
Awareness of the problem is 
increasing, and advocacy groups, 
such as Ocean Conservancy, Plastic 
Pollution Coalition, 5 Gyres, are working 
with scientists, politicians, and industry 
to find viable solutions. Small steps 
that have been taken include local 
bans on the most avoidable single-use 
plastic products like shopping bags 
and small water bottles. In January, 
the company Unilever announced that 
it would phase out the use of plastic 
particles (‘microbeads’) in its cosmetics 
products. The website http://www.
marinedebrissolutions.com/ lists further 
measures taken by the industry. 
“Solutions will necessarily require 
a combination of more scientific 
research to determine where to best 
put effort and resources; technological 
innovations; and public/policy 
initiatives to reduce, reuse, and recycle 
so that the flow of plastic to the ocean 
is stemmed,” Law concludes. 
Michael Gross is a science writer based at 
Oxford. He can be contacted via his web page 
at www.michaelgross.co.uk
